
(19)

(12)

Europaisches Pat ntamt

European Pat nt Office

Office europeen des brevets
(ii) EP 0 574 646 B1

EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention

of the grant of the patent:

29.12.1997 Bulletin 1997/52

(51) intCL*: H03K 17/06, H03K 17/08

(21) Application number: 92830308.0

(22) Date of filing: 16.06.1992

(54) A circuit for controlling the maximum current in a power-MOS transistor used for driving a
load connected to ground

Schaitung zur Steuerung des maximalen Stroms in einen Leistungs-MOS-Transistor mit einer Last,

die an Masse geschaltet ist

Circuit de controle du courant maximal dans un transistor MOS de puissance utilise pour commander
une charge connectee a la masse

CD

CD

CD

(84) Designated Contracting States:

DE ES FR GB IT NL SE

(43) Date of publication of application:

22.12.1993 Bulletin 1993/51

(73) Proprietors:

• SGS-THOMSON MICROELECTRONICS s.r.l.

20041 Agrate Brianza (Milano) (IT)

• MAGNETI MARELLI S.p.A.

20145 Milano (IT)

(72) Inventors:

• Poma, Alberto

1-27100 Pavia (IT)

• Poletto, Vanni
1-15020 Camino (Alessandria) (IT)

• Morel 1 1, Marco
1-57100 Livorno(IT)

(74) Representative: Quinterno, Giuseppe et al

c/o JACOBACCI & PERANI S.p.A.

Corso Reglo Parco, 27
10152 Torino (IT)

(56) References cited:

EP-A- 0 397 015 DE-A- 3 536 447

• PATENT ABSTRACTS OFJAPAN vol. 13, no. 264
(E-774)19 June 1989

ID Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give

q notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in

n a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art.

"™j 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 0 574 646 B1 2

D scription

The present invention relates to a circuit for control-

ling the operation of a MOS power transistor used for

driving a load connected to earth, of th kind defined in 5

the preamble of Claim 1

.

A known circuit of this kind, disclosed in EP-A-0 397

015, includes means for sensing the voltage across and

the current passing through the MOS transistor (MOST)

and providing corresponding voltage signals to respec- io

tive inputs of afirsttransconductance amplifier stage ar-

ranged to produce an output current related to the prod-

uct of the MOST voltage and current, i.e. related to the

MOST power dissipation. Said first amplifier stage is di-

rectly supplied by the d.c. operating power supply to is

which also the MOS transistor is coupled. The output of

said first amplifier stage is coupled to one.input of a sec-

ond differential amplifier stage, the output of which is

connected to the gate of the MOST The second ampli-

fier stage has a second input coupled to a reference volt- 20

age source and includes a current mirror circuit coupled

to a charge pump circuit. The second amplifier stage al-

so includes a bias circuit coupled to an external source

of bias voltage. This prior art control circuit is arranged

so as to limit the power dissipated in the MOST to a pre- 25

determined safe value.

Figure 1 of the appended drawings shows another

typical circuit of the prior art used to drive a load L con-

nected to earth GND. This circuit includes a MOS power

transistor M1 , for example, an n-channel transistor, with 30

its drain connected to a direct-current supply voltage Vs
and its source connected to the load. If the load L is in-

ductive, a free-wheeling diode D1 is arranged in parallel

therewith in order, each time the transistor Ml is cut off,

to dissipate the energy which the load itself has stored ss

during the previous stage in which M1 was conductive.

The transistor M1 is used as a switch and therefore

operates in the triode region. In this region, the transistor

M1 operates with a low voltage VDS and behaves es-

sentially as a voltage-controlled resistance, the resist- 40

ance value of which is lower, the greater the quantity by

which the gate-source voltage (VGS ) exceeds VDS +

V-p-j, where Vjh is the threshold voltage of the MOS tran-

sistor, that is, a voltage such that the transistor is cut off

when VGS is less than V-^. 45

In the circuit shown in Figure 1 , it is of fundamental

importance that VDS should be small since the lower this

voltage is, the greater is the power supplied to the load L.

The gate of the transistor M1 is driven by a charge

pump circuit CP of known type. This circuit enables the so

gate capacitance of the transistor M1 to be charged to

a voltage greater than the supply voltage Vs ,
although

with currents of low intensity.

If the source of M1 is accidentally short-circuited to

earth GND or if the resistance of the load L is very small, 55

the transistor M1 no longer operates in the triode region,

but operates in a region in which its drain current de-

pends on VQS and is almost independent of VDS .

To limit the power dissipated by the power transistor

M1 under these circumstanc s in order to prevent dam-

age, it is necessary to limit the drain current by reducing

the gate voltage.

The problems connected with the control of the

maximum current in a circuit configuration of the type

shown in Figure 1 relate essentially to the frequency sta-

bility of the entire system and to the precision of the con-

trol.

Figures 2 and 3 of the appended drawings showtwo

different known solutions for controlling the' maximum
current which can flow through the MOS power transis-

tor M1

.

The solution shown in Figure 2 uses an amplifier A
which may be a normal operational amplifier or a

transconductance operational amplifier. The non-invert-

ing input (+) of this amplifier is connected to the drain of

M1 and its inverting input (-) is connected to the negative

terminal of a reference-voltage generator VR , the posi-

tive terminal of which is connected to the positive termi-

nal of the supply voltage Vs. The amplifier A also has a

supply terminal s which is connected to Vs . The output

of the amplifier is connected to the gate of M1

.

A resistor Rs is connected between the drain of M1

and the supply voltage Vs .

The current supplied to the gate of M1 by the charge

pump CP and the current flowing in the load L are indi-

cated lCP and l L ,
respectively

Figure 3 shows another solution according to the

prior art. In Figure 3 the same alphabetical references

have again been attributed to parts and elements al-

ready described above.

In the solution of Figure 3, the resistor Rs is between

the source of M1 and the load L. The reference-voltage

generator VR is between the load and the non-inverting

input (+) of the operational amplifier A. The inverting in-

put of the amplifier is connected to the source of M1

.

With both the solutions described with reference to

Figures 2 and 3, the maximum current which the MOS
transistor M1 can supply to the load L is:

»Dnax = VR/RS

The current-regulator circuits of Figures 2 and 3 use

operational amplifiers and, in order to operate in a stable

manner, must be suitably compensated. The gate ca-

pacitance of M1 , which, in both cases, is connected to

the output of the operational amplifier A, involves the

introduction of an additional pole to the frequency re-

sponse which, with the use of an operational amplifier

which itself has to be compensated, may make the sys-

tem unstable, particularly when the MOS transistor used

has large physical dimensions and hence a high gate

capacitance.

If the amplifier A of the diagrams of Figures 2 and

3 is a transconductance amplifier, it must have a very

high gain gm in order to enable precise regulation of the

2
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maximum current in the transistor M1 since, in practice,

the current lCP coming from the charge pump CP is nev-

er known sufficiently accurately.

If the gate capacitance of the MOS transistor M1 is

used to compensate the transconductance operational

amplifier, the high gain g^ may involve problems of fre-

quency instability, particularly if the MOS transistor used
has small dimensions and hence a small gate capaci-

tance.

The object of the present invention is to provide a
circuit for controlling the maximum current in a MOS
power transistor used for driving a load connected to

earth, which enables the current to be controlled more
precisely with a low-gain transconductance amplifier

which has very good frequency stability characteristics

and simple circuitry.

According to the invention, this object is achieved

by a control circuit having the features defined in Claim

1.

Further characteristics and advantages of the in-

vention will become clear from the detailed description

which follows with reference to the appended drawings,

provided purely by way of non-limiting example, in

which:

Figure 1 , which has already been described, shows
a typical circuit according to the prior art, including

a MOS power transistor for driving a load connected
to earth,

Figures 2 and 3, which have already been de-

scribed, show two solutions according to the prior

art for controlling the maximum current which can
flow through a MOS power transistor for driving a
load connected to earth,

Figure 4 is a diagram of a control circuit according

to the invention, and

Figures 5 and 6 show two possible embodiments of

the circuit of Figure 4, in greater detail.

The control circuit of Figure 4 differs from that de-

scribed above with reference to Figure 3 in that the out-

put of the charge pump CP is connected to the supply

terminal s of the operational amplifier A rather than to

the gate of the power transistor M1. In particular, this

amplifier is a transconductance amplifier with a fairly

small gain gm .

In spite of the low value of gm> the current regulation

which can be achieved by the circuit of Figure 4 is quite

precise. In fact, in the circuit of Figure 4, the current is

not regulated according to a sum of currents at the gate

of M1 , as in the case of the circuits of Figures 2 and 3,

but the output of the amplifier A itself charges or dis-

charges the gate capacitance of M1.

In this layout, the gate capacitance of the MOS pow-
er transistor Ml is also used to stabilise the circuit for

controlling the current supplied to the load. The low gain

gm of the transconductanc amplifier A m ans that the

circuit as a whole is stable although the dimensions of

the transistor M1 are small. .

s With reference to Figure 5, in a first embodiment,
the transconductance amplifier A is formed as a current-

mirror circuit and includes two branch circuits each in-

cluding a respective pair of complementary transistors.

In particular, one branch of the current-mirror circuit

10 has two transistors Q1 andQ3 which, in the embodiment
illustrated in particular, are bipolar transistors of the pnp
type and the npn type, respectively

The other branch of the current-mirror circuit also

includes a pair of transistors Q2 and Q4, of the pnp and
*5 npn types, respectively.

The emitters of the transistors Q1 and Q2 are con-

nected to the output of the charge pump CP, their bases
are connected to each other, and their collectors are

connected to the collectors of Q3 and Q4, respectively.

The bases of Q3 and Q4 are connected to each other

and their emitters are connected to the source of M1
and to the positive pole of the reference -voltage gener-

ator VR ,
respectively.

The base of each of the transistors Q2 and Q3 is

connected to its emitter so that it can operate essentially

as a diode.

The transistors Q1 -Q4 are formed so that Q1 and
Q2 have the same emitter area and Q3 and Q4 have
the same emitter area.

The collector of Q4 (Q2) represents the output of

the entire transconductance amplifier A and is connect-

ed to the gate of M1.

The current supplied to the gate of Ml by the am-
plifier A is indicated lG .

In operation, the MOS power transistor Ml can sup-

ply the load L with a maximum current when lG is zero,

the maximum current depending upon the resistance of

the resistor Rs and upon the reference voltage VR :

'l_max ~ VR/RS'

In practice, the gain of the transconductance ampli-

fier A of Figure 5 is the gain gm of the transistors Q3 and
Q4 and is low since the current lcp is very small.

The gate capacitance of M1 is sufficient for the fre-

quency compensation even if the area of the transistor

is fairly small.

Figure 6 shows an embodiment of the circuit ac-

cording to the invention which is similar to that described

above with reference to Figure 5, from which it differs,

as can easily be seen, in that the reference-voltage gen-

erator VR is absent.

In the embodiment of Figure 6, the reference volt-

age is not provided by a generator outside the transcon-

ductance amplifier A but is produced within the amplifier

because the emitter area of at least one of the transis-

tors Q2 and Q3 differs from that of the respective tran-

25
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sistor Q1 or Q4. In general, if the emitter areas of Q2
and Q3 are assumed to be m and n tim s those of Q1

and Q4, respectively, this produces a r ference voltage:

VR = VT In (m n)
5

in which VT is the equivalent-temperature voltage and

In indicates the natural logarithm.

. The maximum current which the MOS power tran- 10

sistor Ml can supply to the load L is thus expressed by:

, Lmax = VR/Rs =
t

|n (m n)] V^Rg.

is 1.

The equation given above indicates how, in the cir-

cuit of Fig. 6, the limit value of the current which can be

supplied to the load can be defined by different emitter

areas of one or both of the transistors Q2 and Q3 which

operate essentially as diodes. 20

The solutions described above with reference to

Figures 5 and 6 provide for the use of bipolar transistors

to form the transconductance amplifier. It will be clear to

an expert in the art, however, that the amplifier could

also be formed with CMOS transistors. 25

Moreover, the foregoing, which relates to an n-

channel MOS power transistor, naturally also applies to

a p-channel MOS transistor, with the necessary altera-

tion of details.

The main advantages of the control circuit accord- 30

ing to the invention are essentially as follows.

The desired frequency stability can be achieved

without the need to add compensating capacitors since

the gate capacitance of the MOS power transistor, which

may even be small (a MOS power transistor of small 35

dimensions), can be used for this purpose because sta-

bility is in any case ensured by the low value of the gain

gm of the transconductance amplifier A.

With a low-gain transconductance amplifier, it is al-

so possible to achieve very precise control of the current 40

supplied to the load since the output of the transcon-

ductance amplifier regulates the gate voltage of the tran-

sistor M1 directly, unlike the circuits of the prior art in

which the gate is charged with a current represented by

the sum of the current coming from the charge pump *s

(the value of which cannot, in practice, be determined

precisely) and the current coming from the transcon-

ductance amplifier. The current-control circuit according

to the invention is also quite simple and a small number

of components is needed to form the transconductance so 2.

amplifier. This means that it can easily be used in mon-

olithic integrated circuits.

The use of a transconductance amplifier does not

adversely affect the RDs0n °f the MOS power transistor

under non-current- 1 imitation conditions. In operation, 55

the transconductance amplifier absorbs hardly any cur-

rent from the charge pump CP, enabling the gate voltage 3.

of M1 to reach the value it would reach in the absence

of the circuit for controlling the maximum current sup-

plied to the load, and the Roson is therefore the same
as it would be If the gate of Ml were supplied directly by

the charge pump CP without the amplifier A.

Naturally, the principle of the invention remaining

the same, the forms of embodiment and details of con-

struction may be varied widely with respect to. those de-

scribed and illustrated purely byway of non-limiting ex-

ample, without thereby departing from the scope of the

present invention as defined in the appended Claims.

Claims

A circuit for controlling the operation of a MOS pow-

er transistor (M1) used for driving a load (L) con-

nected to earth (GND), including:

a direct-current voltage supply (Vs ) to which the

drain of the MOS transistor (M1) is connected,

a resistor (Rs ) in series with the drain-source

path of the MOS transistor (M1 ),

a charge pump circuit (CP) for enabling the gate

capacitance of the MOS transistor (Ml) to be

charged to a voltage higher than the supply

voltage (Vs ), and

transconductance amplifier means (A) having

the output connected to the gate of the MOS
transistor (M1), a supply terminal(s) connected

to the output of the charge pump circuit (CP)

and the inputs (+, -) connected to said resistor

(Rs );

characterised in that said resistor (Rs) is connected

between the source of the MOS transistor (M1 ) and

the load (L); the said transconductance amplifier

means comprising a single stage transconductance

operational amplifier (A) having a first input con-

nected to the source of the MOS transistor (Ml ) and

a second input coupled to the load (L); said single

stage transconductance operational amplifier (A)

being arranged so as to limit the maximum current

Olmax) 'n tne MOS transistor (M1) to a value pro-

portional to a predetermined reference voltage

(Vr).

A control circuit according to Claim 1 , characterised

in that it includes a reference voltage generator (VR)

which is outside the transconductance operational

amplifier (A) and is connected between a terminal

of the resistor (Rs) and an input (+) of the amplifier

(A).

A control circuit according to Claim 2, characterised

in that the transconductance operational amplifier

4
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(A) includes a current-mirror circuit (Figure 5) com-
prising:

a first branch circuit including two complemen-
tary transistors (Q1 , Q3) between the output of S

the charge pump circuit (CP) and a terminal of

the resistor (Rs ), and

a second branch circuit, also including two

complementary transistors (Q2, Q4) 5 between io

the output of the charge pump circuit (CP) and
the reference voltage generator (VR ).

4. A control circuit according to Claim 3, characterised

in that the transconductance operational amplifier 15

(A) includes a current-mirror circuit (Figure 6) com-
prising:

first and second branch circuits (Q1, Q3; Q2,

Q4) which are disposed between the output of 20

the charge pump circuit (CP) and respective

terminals of the resistor (Rs ), and each of which

includes two complementary transistors (Q1

,

Q3; Q2, Q4) of which one (Q3; Q2) has its base

(gate) connected to its collector (drain) so that 2S

it can operate essentially as a diode,

bunden sind;

dadurch gekennz ichnet, da3 der Widerstand

(Rs) zwischen der Quelle des MOS-Transistors

(Ml) und der Last (L) liegt; der Steilheitsverstarker

einen einstufigen Steilheits-Operationsverstarker

(A) mit einem ersten Eingang, der mit der Quelle

des MOS-Transistors (M1) verbunden ist, und mit

einem zweiten Eingang enthalt, der mit der Last (L)

verbunden ist; der einstufige Steilheits-Operations-

verstarker (A) so aufgebaut ist, daG erden maxima-
len Strom (ly^x) im MOS -Transistor (Ml)auf einen

Wert begrenzt, der proportional einer vorgegebe-

nen Bezugsspannung (VR ) ist.

Steuerschaltkreis gemaG Anspruch 1 , dadurch ge-

kennzeichnet, daG er einen Bezugsspannungsge-

nerator (VR) aufweist, der auGerhalb des Steilheits-

Operationsverstarkers (A) angeordnet ist und zwi-

schen einem AnschluG des Widerstands (Rs ) und

einem Eingang (+) des Verstarkers (A) liegt.

Steuerschaltkreis gemaG Anspruch 2, dadurch ge-

kennzeichnet, daG der Steilheits-Operationsver-

starker (A) eine Stromspiegelschaltung (Fig. 5) auf-

weist, die enthalt:

at least one of the transistors (Q3; Q2) which

can operate as diodes having an emitter

(source) area larger than those of the other

transistors (Q1; Q4) of the current-mirror cir-

cuit.

Patentanspruche

1. Schaltkreis zur Steuerung der Arbeitsweise eines

MOS-Leistungstransistors (M1), der zum Ansteu-

ern einer Last (L) verwendet wird, die mit Masse
(GND) verbunden ist, wobei der Schaltkreis auf-

weist:

eine Gleichspannungsquelle (Vs ) p
mit der die

Senke des MOS-Transistors (M1) verbunden
ist,

einen Widerstand (Rs ), der mit der Senken/
Quellen-Strecke des MOS-Transistors (M1) in

Serie liegt.

eine Ladungspumpstufe (CP), um die Kapazi-

tat der Steuerelektrode des MOS-Transistors

(M1) auf eine Spannung laden zu konnen, die

uber der Quellenspannung (Vs )
liegt, und

einen Steilheitsverstarker (A), dessen Ausgang
mit der Steuerelektrode des MOS-Transistors

. (M1) verbunden ist, dessen AnsteueranschluG

(Ansteueranschlusse) am Ausgang der La-

dungspumpstufe (CP) fiegt (liegen).und dessen
Eingange (+, -) mit dem Widerstand (Rs ) ver-

30
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einen ersten Schaltkreiszweig, der zwischen

dem Ausgang der Ladungspumpstufe (CP) und

einem AnschluG des Widerstands (Rs ) liegt

und zwei komplementare Transistoren (Q1,

Q3) aufweist, und

einen zweiten Schaltkreiszweig, der zwischen

dem Ausgang der Ladungspumpstufe (CP) und
dem Bezugsspannungsgenerator (VR)

liegt

und gleichfalls zwei komplementare Transisto-

ren (Q2, Q4) aufweist.

Steuerschaltkreis gemaG Anspruch 3, dadurch ge-

kennzeichnet, daG der St eilheits-Ope rationsver-

starker (A) eine Stromspiegelschaltung (Fig. 6) auf-

weist, die enthalt:

einen ersten und zweiten Schaltkreiszweig

(Q1, Q3; Q2, Q4), die zwischen dem Ausgang
der Ladungspumpstufe (CP) und entsprechen-

den Anschlussen des Widerstands (Rs ) liegen,

wobei jeder Schaltkreiszweig zwei komple-

mentare Transistoren (Q1, Q3; Q2, Q4) auf-

weist, von denen einer (Q3; Q2) mit seiner Ba-

sis (Steuerelektrode) an seinem Kollektor

(Senke) liegt, so daG er im wesentlichen als Di-

ode arbeiten kann,

zumindest einer der Transistoren (Q3; Q2), der

als Diode arbeiten kann, eine Emitter-(Quel-.

len)-Zone besitzt, die groGer als die der ande-

ren Transistoren (Ql; Q4) der Stromspiegel-

schaltung ist.

5
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R v ndicati ns

1. Circuit pour commander le fonctionnement d'un

transistor de puissance MOS (Ml) utilise pour atta-

quer une charge (L) connected k la masse (GND), S

comprenant

:

une source de tension d'alimentation continue

(Vs) k laquelle le drain du transistor MOS (M1

)

est connected 10

une resistance (Rs) en s6rie avec le trajet

drain-source du transistor MOS (M1),

un circuit de pompe a charge (CP) pour permet-

tre k la capacity de grille du transistor MOS
(M1) d'etre charged jusqu'a une tension supe- is

rieu re a la tension d'alimentation (Vs), et

un moyen formant amplificateur transconduc-

teur (A) ayant la sortie connectee k la grille du.

transistor MOS (Ml), une(des) borne(s) d'ali-

mentation connectee(s) k la sortie du circuit de 20

pompe k charge (CP) et les entrees (+, -) con-

nectees k ladite resistance (Rs)

;

caracterise en ce que ladite resistance (Rs )

est connected entre la source du transistor MOS 25

(Ml) et la charge (L) ; ledit moyen formant amplifi-

cateur transconducteur comprenant un amplifica-

teur transconducteur operationnel a un etage (A)

ayant une premiere entree connectee a la source

du transistor MOS (M1 ) et une seconde entree con- 30

nectee a la charge (L) ; ledit amplificateur transcon-

ducteur operationnel k un etage (A) etant dispose

de maniere k limiter le courant maximal (I|_max)

dans le transistor MOS (M1) a une valeur propor-

tionnelle a une tension de reference predeterminee 35

(VR).

2. Circuit de commande selon la revendicatipn 1 , ca-

racterise en ce qu'il comprend un generateur de
tension de reference (VR ) qui est exterieur a I'am- 40

plificateur transconducteur operationnel (A) et qui

est connecte entre une borne de la resistance (Rs )

et une entree (+) de I'amplificateur (A).

3. Circuit de commande selon la revendication 2, ca- 45

racterise en ce que I'amplificateur transconducteur

operationnel (A) comprend un circuit de miroir de
courant (figure 5) contenant

:

une premiere branche de circuit comprenant so

deux transistors compiementaires (Q1 , Q3) en-

tre la sortie du circuit de pompe a charge (CP)

et une borne de la resistance (Rs), et

une seconde branche de circuit, comprenant

egalement deux transistors compiementaires 55

(Q2, Q4), entre la sortie du circuit de pompe
charge (CP) et le generateur de tension de re-

ference (VR).

4. Circuit de commande selon la revendication 3, ca-

racterise en ce que Pamplificateur transconducteur

operationnel (A) compr nd un circuit de miroir de

courant (figure 6) contenant

:

des premiere et seconde branches de circuit

(Q1 , Q3 ; Q2, Q4) qui sont disposes entre la

sortie du circuit de pompe k charge (CP) et des

bornes respectives de la resistance (Rs ), et qui

comprennent chacune deux transistors com-

piementaires (Q1 , Q3 ; Q2, Q4) dont un (Q3 ;

Q2) a sa base (grille) connectee k son collec-

teur (drain) de sorte qu'il peut fonctionner es-

sentiellement comme une diode,

au moins un des transistors (Q3 ; Q2) qui peu-

vent fonctionner comme des diodes ayant une

zone d'emission (source) plus grande que cel-

les des autres transistors (Q1 ; Q4) du circuit

de miroir de courant.

6
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